I 



(1 9) KOREAN INTELLECTUAL PROPERTY OFFICE 



KOREAN PATENT ABSTRACTS 



(1 1 )Publication 1 02002001 7754 
number: fi^ 

(43)Date of publication of application: 
07.03.2002 



(21) Application 
number: 

(22) Date of filing: 



1020000051267 
31 .08.2000 



(51)lnt. CI 



C12P 21/00 



{71)Applicant: 



(72) Inventor: 



DONG KOOK PHARM. 
CO.. LTD. 
KOREA RESEARCH 
INSTITUTE OF 
BIOSCIENCE AND 
BIOTECHNOLOGY 

JUNG, BONG HYEON 
KANG, HYEON A 
KO. SU MIN 
LEE. SANG Gl 



(54) TRANSFORMED YEAST PRODUCING RECOMBINANT HUMAN PARATHYROID HORMONE 
AND METHOD FOR PRODUCING THE HORMONE 

(57) Abstract: 

PURPOSE: Provided are transformed yeast producing recombinant human parathyroid 
hormone(hPTH) and a method for producing the hormone effectively. 

CONSTITUTION: The method comprises: producing the yeast strain Saccharomyces 
cerevlsiae In which at least one of the gene YPS1, YPS2 and YPS3, encoding yapsin 1, 
yapsin 2 and yapsin 3 respectively, which belong to the yeast aspartic protease, is destroyed 
by using a yeast selection marker; transforming the mutant yeast strain with an expression 
vector, pGIO-hPTHI. including hPTH gene: then culturing transformant, SLH16/pG10-hPTH 
(KCTC0815BP), to produce hPTH. 

© KlPO 2002 



Legal Status 

Date of final disposal of an application (20030226) 

Patent registration number (1003868360000) 
Date of registration (20030526) 



mmm5\ io-o386836 



(19)r}ltb^^^^^(KR) 
(12) :^^^^^:a(Bl) 



(51) . Int. Cl. 7 
C12P 21/00 



(45) ^ai^;^> 

(11) ^ms. 
(24) 



2003id06-i09^ 

10-0386836 

2003^05-S26^ 



(21) *€^S 

(22) *€'a^l- 



10-2000-0051267 
2OO0\108€31'a 



(65) ^7lj«i^ 



^2002-0017754 
2002id03«07'a 



(73) 



(72) ^-I^V 



7<}-^^ ifl^lSf- 997-8 
tfl^-S-^^^<H-a-* 52Si^l 
'H^^l^l^^^^^f-^^l2l-7l-^10l:£ 

mo} 

111 ^l-fr^jT^'il'^Jf-«|-4<»>2l-H102f-1202± 
cfl Al f.JpBl 1 13:^.607^ 

^3 7) £5g ej A] u) ^2^f-o>a ^ol-4S 103- 1 202 



(74) iflel?] 



(54) ;<I12:^ -¥-^J-'^'{d ^;<f|i^ -^-^J-^^ Ji^e^ ^S^* 



■g- "f?^ SLSS-^-El 01*11 (human parathyroid hormone; o]t\ hPTHef ^)* SL^^ o.^. aJaVs). 

S-5^^>^i. is- «i-^4^ ssEflo).;,])- ^]-^3\ <a-ii 1, -g^d 2S1- 3* a'asF^ KRSi , rps2 4 y 

-S-^:^}**! ^2. AV^l-S-^oHli 'HlellalT^lolK Sacharomyces cerevisiae ) 5^1- ^l^l-^Val, -y-?] 

# ^^S. «11<SSH hPTHfil ^Sill- ^^a^V ^^21 hPTH* Ja^^^irS. 
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£ 2fe E£ Al-^VsnfolAfli ,«l]2l|Bl;^lo))ollA-1 YPS3 ^^A^ URA3 -iila^ll- ^^«>^ 3)-^^ ^ 

£ 3-8- Al-?>s.n>olAili A-)]iHlHl^loi) 2805 5^ Bfl^°i|^i F/'Si £fe YPS3 ^^AA ^-fal hPTH «-«fl <»^J- 

1- 24Al^ «r^(3a)4 48^1^ «l|<y=(3b) ^ SDS-PAGES. aja ^-^V 

M: Prestained protein molecular weight marker. 

1 : Al-f ]-s.B> o) M\] i ^\ 51] u] 0)1 2805 

2: 4?l-S°>°Hli^ '^•flefltil^lofl 2805/pGlO-hPTHl 

3: AV?>s.Dl.olAfl>i -HlBllal^loll 2805/pGlO-hPTHl 

4: A>?>so>olAlli -^flellBl^loll SY28Y3/pG10-hPTHl 

5: Al-?>st3>olAfl>i >(-llB|lal;^lc.il SY28Y3/pG10-hPTHl 

6: A}?l.sn>ol^fl>, ^^l5ilal;=cloii SY28Y4/pG10-hPTHl 

7: Aj-^-l-soVol^li ^-HsflHlxJoli SY28Y4/pG10-hPTHl 

C: Authentic hPTH l//g 

I: hPTHl(l-84) 

dl: hPTH(27-84) 

d2: hPTH(l-80) 

E 4fe A>^>Si:'M'«fli -^ll^al^lol) L3262 b11^°11>H YPSl . YPS2 , £fe YPS3 4 ^-^A ^'^^'\ ^ f'^^l -S- 

?i;^}7> ^^^1 £^ 4:81^ ;g 0.0^ hPTH ^«fl'?f-y-^. 24>«-l?V «r<f(3a)4 ^S^]^ Bll<3=(3b) ^ SDS-P 

AGES wlJE, :i4£. 

M: Prestained protein molecular weight marker. 

1 : AV^j-S-nfo] ^1 i 4 511 ^] A L3262 

2: Af^VsnVojAfli All 511 a] ^1 oil L3262/pG10-hPTHl 

3: A].?|.s°}ol^-ili -HlJiltilxloll L3262/pG10-hPTHl 

4: 4^1-S.o}ol ^^1 >i ^1 ^1 u) oil SLH15/pG10-hPTHl 

5: 4?>SDl-ol oil SLH15/pG10-hPTHl 

6: Al.?l-SDfol^il:i '*1lellH]:^lo]l SLH16/pG10-hPTHl 

7: A|.?>s.ni1.olA-fl:i: ^fl6llH)^lol) SLH16/pG10-hPTHl 

8: Al.?>SD>olxi]:i >^l2llHl:^lolI SLH17/pG10-hPTHl 

9: A^?>s°>ol^]>i xflsllHlxlo]) SLH17/pG10-hPTHl 

10: A>?]-s.n>olAfli -Hlt^lHl^^lofl SLHlB/pGlQ-hPTHl 

11: Al-?l-SD>olAfli ^ileflulxloii SLH18/pG10-hPTHl 

C: Authentic hPTH lug 

I: €^t!-hPTHl(l-84) 

dl: hPTH(27-84) 

d2: hPTH(l-80) 

£ 5^ A>?].SBfolA|i /HleflBl^loi] L3262 ^^<=^^] YPSl ^^A'il 4ifl€ ^01^(53) , YPSls^j- YPS3 ^ ^ 

:^7\7\ 4ifl^ ^o]^, SEfe YPSl, YPS2, YPS3 ^] S.^7\ ^o1^(5b)l- n^^<'A 

Jl^S. ar<f^ ^-f 72A1?]- f-oV uflo^si-^A-l uflo^ ^7)011 <ao]i4^ hPTH &«fl "S^* SDS-PAGE5. 

M: Prestained protein molecular weight marker, 
l: a>?>s.d1-o)>(-11^ '^■lleilul:^!^)! L3262 

1) 2-7: A>?>s.D}ol^l^ '^■flB^lHl^lol L3262/pG10-hPTHl 
8-13: Al.?>s.D>ol^fli ^eflul^loii SLHll/pGlO-hPTHl 

2) 2-7: A]-?l-S'=l-ol^-ll>i ^fl5)lH)xlofl SLH16/pG10-hPTHl 
8-13: Al-?>sol-olA^l>i Ail5l]alxloi| SLH18/pG10-hPTHl 
C: Authentic hPTH l//g 

I: hPTHl(l-84) 
dl: hPTH(27-84) 
d2: hPTH(l-80) 
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■g- ^-^^ SJE-S-^El ?l*fl ^^J-^a-a^LS'S- (human parathyroid hormone; hPTHsf ^i-)-!- Jl#2^ o.^ a^avs]. 

, yPS2s^ YPS3 -fr^^l-l-ol 2£ Al-5'l-S.cl-o]^^l>; ^lBl]«l^loll( Sacharomyces cerevisia e ) 

^^1- ^^S. «ro'=*l-<^ hPTHSl ^^^V ^Eflo^ hPTH 

-^-^J-^-a a = €-(hPTH)^ "ilsils] ^a-a-^ollA-l ^^-ilsl^ 847J1S1 o>BliiA>o.s 01^0^:51 ^El-o];£ JiB^ojcf 
. hPTHfe ^-a-^^^ -il^lifl^fil- -Sel^^^ ji €^11 

T^ol^Hl^i •gcf^f' A^A^ 4-8-51^ Sife ofliSS;a<^14 tt^ls^d^ 2:47} Si^ «v^oil, 

hPTHfe ^^31 si<H 711^^ hPTH* ^cf^f' Am-A^ 7\^^y\ '^=^y\ -id^^^i -b-^;«ii^ 

•^O] al2:SlJl SI<H, 71^4 ^Cf^f- S^^^S. tfl Sfll- ^0.5. 7ltl}S]fe hPTH» ^"-^^ ^3i>7l 

7) 1^^ hPTH cfl^'S>i}-^ ^sll Hlsaj :e.olfe Afl3.oi cfl;^-^^ ol^^V ^^-LV?!* 7ll^Voi 
^ifl^oflAi Ai£3;)ji tfl;3-soUAi >gA}.^ 7))^^ ^ai^s) ej#^ (refolding) S ^sl^^l ^^l<^ € <H^-S- 
«»1 S14. '>\<\ ^-^li ^l^l-Hli^l safe ai-f ^S«-4 "ll-f -S-'^l-^- -S-^^> ^i'^K Sl^ ^lit^4 cH-o] -B-A>t!- ^ 

^«l7l^* ^v^jl ^Icfls t'g(folding)€ ^«Ji^* ^ ^i-^^l 5a4. £t> 

Afli ^lAS ufl^ t4i^ol| §^ ^afl^o] 3^'^4 :^^:^17|- -§-o1t!: 

^ Si4. cl^o) ^^JlS Aj-^s^-^l^fli ^l^l^ll tfl?V ^%^^c>\ 0J32 ^I^VsH GRAS( 

generally recognized as safe) nl^j^s. ol:^js]o^ o^^-g. ^fla^ hPTH ^S^^^S nfl-f -R-g-^ ^^S. 7] 

Efls;<H Aj-^S-cH-^li 'HlallalAlofli. ^^5. oi^^v hPTH ^^^Aji^^o] ^fl^vo] Al£E]sa4. AS.^ hPTH 

&*l)J:4ioll 4^ ^lli hPTH4 ^ia4°1 ^^tb a?!^] hPTH fl^^o] ^4fe ^(Gabrielse 

n et al., Gene 90, 255(1990))ol|'^1 Jlfi* hPTH A|A}.Al>if o] a}.^^ AS. ^-g-^slfe ^o] :»il^S|<H ^4. 

A"^ ^-^M?} 3:2- *^Ai>:^oflAi A^^ hPTH ^d^S^l* «lll*]-7l 4t!- "^l-A ^4. hPTH 

^0] JlS S-*flJ:4i°l KEX2S) '?l^l-?-^4 Arg-254 Lys-26 ^\<^\^>^\ <ao14 

7l al1«-i KEX2<^1 &s)l€4s 4s.E)oi hPTH4 2<o^A oHt-il-?! 4<^l^-i- #^4'aAS 

tflBll :^-1«J-A^-i: hPTH ^ol^l* 4 Sl4(Reppe et al., J. Biol. Chem. 266, 14198(1991)). £^ 

A'Cl^^ -8-^4 ol-§--Sl-<H -H-«14ll(ubiquitin)-fr?i4sl S'-t^-^l hPTH ^«-^^(human p 

arathyroid hormone related protein)* 2)^ <ai4<^ hPTH ^^-^^-i- ^IStb 4 Sl4(Rian et 

al., Eur. J. Biochem., 213, 641(1993)). ael4 ig-^^^ ^ol^Nlfe "^^^ ^-S. A^-i: 2]4f-.2.S. ^V^s)?] °\ 
^ t>'a^^* ^I'^^t.M 4^4fe A^- -^3^5- 4^01 JS-^slo^ -fi-^4 -8-^ 7l#4 4-8-gr i^^4^ l^tS>^^ 4^ 
■8-^444 ;*1]714<H<>1=44 -8-^ -¥-44 ia-«-^S4 n^^^l ^cfl^AS. ^44fe ^^'^1 

514. 

°1°11 ^ «i'^4*^ hPTH ^sfl^ ^olsll4 -g-^Sfll- 6\^^7\ hPTH "S-^l^: ^ 5ife 71^^: 7|lt47l 

4^ f- ^t^l Jl^Sfi] L-4^7l\i(arginine)* afl'tf^ll^li ^<Hl 4*11 hPTH -^^^ 

tV ^ Sife iJ-^i- 7fl^Sl-55[4{Chung and Park. Biotechno! Bioeng 57, 245 (1998)). 

7\A ^7f4 4^7iidoii hPTH &s(|4 ^'-'^^1 *S-^144fe A^^A ^7fl4^ ^«|^ ^siiJL:ii°] Kex2p 

A hPTH7> ^^4^ 4^31 -^IS §-Hl4^ 4€- ^i-a]^ ^«11e4i<^1 £l«ll hPTH?} ^3. ^sfl^ * 

44t}-4. 444 ^ ^'g41-'& KEX2^^ 44 sfe t'- sl<H '%yVi fl-'^lii-iV*4 c-^^i- 

f'?]: ^la-t HS.Biio>;(iioi4 JlS. 4°11 ^^h^l^ 5i4:a 3:i 4^21.^ S-^ 

Edt Yap3p(Yeast aspartic protease 3)7> «ll'y:oS.2.S. ^^14 hPTH-f ^^4^ ^4 ^sfl 

iL±«J 5i.2.s. ^^^4^4. -^1^* e7l«H ^ ^'^4l-'8r YAP3 ■a-^44 4^*4 JLi 5-^( yapJ a )» 

°1* «>l-8-sV<=i hPTH ■*S'i>4i'i* =t^^ 14 ^4^3 Hii<a:Ai hPTH ^«fl7> 80% ^s. «J-44<H 
^C114 hPTH* AJAV% ^ safe 'S-^* 7m4^4(Kang et al., Appl Microbiol Biotechnol, 50, 187(199 

8) ; t}1t!-nl^^§| ;qi 0246932 ^(12« 8°J 1999^!)). a&|4 4^ °>^S^ 5T'a4fe lA^ tb hPTH ^I'iV 
^^■i- .a.ol^l'?}, yapj A ^ol^oflA^s tss* ^\%% Ji^s. ■°iy]A^^^ hPTHfi] ^S|l7> ^'^■4 4^1°1 4 
ts]4(Song and Chung, Process Biochem 35, 503(2000)), Bfl<y='^7loflfe Yap3p4o)l 4€- =S.Ell4^1oil 

s. hPTH ^la-o] -a^^-i: ^^144^4. S.S. ^\f}s.^}o]A± AA^]^]As] Yap3p4 A-^ ■B-4t!- ^^2:4 7]^ 

1- jaolfe £ 444 4^2l-4 =S.E|lc>f;*ils.'«) Mkc7p (Komano and Fuller, Proc Natl Acad Sci, USA, 92, 10752( 
1995))ol :aja£l4 5144 ^^•34*^ ^ ^447} ^^^1 44fl4 S.S. ^^( yap 3A / Inkc7^m ^1144^ «fl 
*Jf^7l2l hPTH «4<H1 44 fe 'S*^* #31:^.51:4^ yap3 A ^^4 1 4'S- 444 4^44 ^5i-4(Choi et al.. J. 
Microbiol Biotechnol 9. 679(1999)). €>14 ^-^ S4fe Mkc7p *^£±7> H]^ Yap3p4 °fl-f fe^ -fr4'^ 

(53% f^°J^^)i- ii.ol4 Kex2p S tflSidt ^;<114 44(pro-a -mating factor) ^^A «-«^4fe ^ 

1=114- ^4?!- 7l^£ ^l!cl44 hPTH ^i^A^ 3.A 4<^44 Sf^-i- 4'^lt!-4. 

^ e ^7114 S.3. ^}9}s.^}o]Ai, AA^]AA A^ ryiP,? (^^^oflfe ^s. 7ii'^^)4 -^-4 

tV-fi-^4*-8r ^^tF 14 71^611 tsjT!^ 3).^MKC7(. YPS2 ^ 7^^^), PEP4. BAPI si\AS. o}^ ^^^4^1 ^-8: 
4^44 HS.E||o>;(lll- ^'34:2 Slfe 7llsl Al^ •fr^41-«l ^A^<'] :Si3l4Si4(01sen et al.. Biochem J 339, 
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407(1999)). 7]^^ YPSl 4 YPS2 'S'tKyapsWTflf-fi] <^\^^A^ ^a^-^S S.'^^^l SX'^JL ^^H] 

^ <^1i-g- YPS3 , YPS6 s+ YPS7 2.S. oji- ypss * YPSl ^ KPSi" 2^- 50% f^-y-^j* i-o] 

YPS6 ^ YPS7 ^ BARl ^ PEP4 i z^-?] 35% ^ 25% ^£^1 f-'g^^^ ^.o] JZ sa4. J^S.? fi]- //"Si s) 
^ t'^^l-'S- ypsl A (7|$s^ yapj A ) S^ofl^i ^r^^^li '^^^^ hPTH '9'^ 3(yapsi 

n 3)'>1] m 7>^A^ol 5tl4:a ^^*>^4. 

-^>7i<4 ?i;(il5H ^^s^ ^^^r "a-y HS.Eil<i>^l J:£<i^i °J«>1i4fe ^lls^ hPTH 

^7lsf ^aj^ ^^^^7] ^^<^ ^ ^I^Vi-^a- 3l£ 'S'tl S^Bflo}^!!- a^5>^ YPSl KP 

S;? -fr^^l-7> ^^1 JlS w>s 1 A/ ;^s5 A)fi1- KPSi , YPS2 ^ WS5 ^1 -^^A S.^A t.SL 

ypsl A/ yps.? A/ ypsJ A)# 7rJ:*l-31 o]!-^ hPTH ^« ^>-§-S><^ Aj-^V^nVoHl^ 

■g- ^^'g-g- "S-il^H-sl ^sflJLrdi YPSl, YPS2. YPSSoIl^i -ti^^ JLfiS^l- ^f'S. S> 

■¥-?J-^-id 2.s^(hPTH)* >atV5l-fe i^^cf. 
^^7] f-«ll3L4i ojAl l(o]«l- YPSm %l^), 2(ol«F YPS2e} ^%), 3(o]*> YPS3H1- ^l^)fe hPTH^I 

N Ct^i ^sflai^S. 3^-8- *M Jl£* hPTH ^RV^- o^^Tll ^^^^ -S- 

^ife ^j-7l YPSl, YPS2, YPSSi^i t\^7\ 4.^% S.S. ^o]^s. ^^^^sfls) oj-g-efte hPTH ^S-it 

^^o) -a^^v AjAVtij.^^ attvci-. 

-g- ^^611 S]t}^ ^7] t.± YPSl ^ YPS2^ f'S. hPTH* ^RVSV^ ^^^l^sflsl ^o^^y]6\] 
^o]^, YPS3^ «r<f'a-7loi) hPTHofl 2t-g-S>^ 5^ ypslA «o)^^ ^v?) YPSl^l Hr<f 

^7lofl YPSIS] %A^ol ^;^1S1;^1D]- Hflof^7)o^ YPSSofl s]^ ^fe SlTll ^7lo||fe >^7l 

YPS3<^) 2lt!:hPTH^s|)S ^S-tV-T^** ^tl^l S"^. 

421->H ^^S. *H hPTH -S-a-Al al)<9=^^°l| ^^^] ^-^ofl^ife YPS14 YPS371- 

ev^] ypsiA yps3A ^'=']^7} ^ ^^^s] ^Ajofl oio^ ul-f-zlsH, 4t3l^>7l5.^ ^j-7l YPSl, YPS2, VP 

S3 ^11 £i7> 3.^ ypslA yps2A yps3A » *H hPTH* ^<=>] #4. 

-*7] ^«ilS:4iSl l^^g. YPSl. YPS2. YPS3o11>«^ ^s]^ aj<H£ sfi+s) -fi-?i7l-l- jL3E.^ta;^ll- Aj-^sH 

jLa.-{dls^lb ^ttb tv^i: -^WsW ^-<^1-^(p op-out)ol 7>^t!- 

^ ^^t}x^. ^ ^i^s\ v}^^^ ^^loiloii^ URA3 ^ita^ll- 4-8-tl- ^MlSfil ^Efls «J- 

^o] c.))Al5)ol o;[i:].. SiSAi^iE;^!!. ^^-^ n-HlSfe <a=^^^<iil YPSl, YPS2, YPS3S1 N'i^^ C^it 
S^Sl-^ -a-^^f ^±S.^ £2.31 7ll^(gen ome)'^ 't-fi-^ ^marget)^] Hlfe -B-?i^> ^. ypsi, 

yps2, yps3 i^-^ ^*>fe -^^^laf^l ^f- ^112^4^* f-«fl tfl^fl^a-'aslfe 4^"^ -^^41- 

^<^1 7>^S>Cf. -ataxia 711^^011 ?H1S7> -a-^JSlol^ jral- Aj^S).7l ^Sfl Af.g-Sl7loil ^§.^1: 5l<^l^ ^ 

§1-4. ^ URAS-atS^lS. 4ifl€ ypsS^ol^^ yps3::URA3S aAlsl.7]S ^t\. 

^'•«7]-^^ ^^7\ ^^^^^^ s^^^i: Ajaj ^ ^2^^E1 ^124^-8: "a 

^^^4 ^ ^ ^1-71 :'H2:^«!El# ypslA yps3A £fe yp57 J yp5^-d ypsJJ ^o]^* ^^S. 5>o^ 
4^^.2.3. i^t!-4. 
■& ^'g^ 4t2:!t> -i^li-Hl'^ife :^llS^^ElSAi pGlO-hPTHl* ypslA ypsSA , ypslA yps2A ypsSA ^-^l^ 
01 A].45.D].ol4>: -^ilJllal4°lll- SLH16/pG10-hPTH(KCTC 0815BP, 2000.7.6-^4 ^5^^ 

7]^), SLHlS/pG 10-hPTH(KCTC 0816BP, 2000.7.6'a4 ^S'^^^'ST'itolI 4^)^ 7llAltl-4-. 

4°vl- *>7l ^Aio^ife ^ -a^*>7l 4t> ^"8 ^ €21^4* '^iltvisl-fe 3^4fe o>4^V4. 

^^^^ ^ ^Bl-^TilS 

5:2. A>4s.4°l>^l^ -*fl2}lol4°MAi hPTH* "s^^t^4 4?}- ^4^.^ GALIO H5.24"PpL::hPTHdb^4::GAL7 
44i-i]ol4 ^^s. ^^J4 hPTH 44:ii SJ^ 44s "H-'fl^ ''«4^1°11 2/an 1-4^42- ?1 pGlO-h 

PTHKchung and park, Biotechnol Bioeng 57, 245(1998))» a]-S-4-$J4. ^-o]-* 7>^t!- URA3-5d'iS4(URA3:: 
tc5)44S.^ pTcUR3<fl4 -n-2fl€ l.Skb BamH I Al-^el-5a4(kang et al., Appl Microbiol Biotechnol 53, 5 

75-582(2000)). YPS3 -B-^47f 1^4 SLi^^l- ^^14471 4t!- 25^5.^ a>?>sd1.o1>(1)>: >(fl5)l44oii 28054 
A>4S. 44'Hl:i >*1l2fl44°ll L3262a-t ^\-%-t\<^^(v.zn& et al.. J Microbiol Biotechnol 8. 42-48(1998)). YPSl-S- 
^4(f'2ll4 YAPS), YPS2-^^4(#2ll4 MKC7) ^^:^7\7\ 3.^- SLHlKkang et al., Ap 

pi Microbiol Biotechnol 59, 187(1998)), SLH124 SLH14(Choi et al., J Biosci Bioengin 89, 77(2000))!- 4-§-«l- 
5i4. 4* i£5^1-4 -B-?i4 ^=8* ofEfl s. H ^44^14. 
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Strain 


Description/Genotype 


2805 


a parental strain ( MAT a pep4::His3 prb-A 1.6R canl hIs3-20 ura3-52) 


S28Y3 


a ypsl -disrupatant of 2805 { MAT a pep4::His3 prb^A 1.6R canl his3-20 ura3~52 ypsl::tc5 ) 


L3262 


a parental strain MAT a ura3-52 leu2-3,112 his4'34 ) 


SLHll 


a ypsl -disruptant of L3262 ( MATa ura3''52 Ieu2-3,112 his4-34 ypsl::LEU2 ) 


SLH12 


a yps2~ disruptant of L3262 ( MATa ura3-52 Ieu2-3,112 hls4'34 yps2::LEU2 ) 


SLH14 


a ypsS- disruptant of L3262 ( MATa ura3-52 Ieu2-3J12 his4-34 ypsl::HIS4 yps2::LEU2 ) 



URA3 A>-g-^ YPSS^^A £fe hPTH pClO-hPTHl^ ^]^^-=^ ±S. 

^^^i^-'^l^ •frB^-aCuraciO^ol afl^l SC-URAl- ^-g-^lSaJi, yps3::URA3 U 

RA3 -ata^ll- 4^1 :^^^rl-7l ^cfl^i^ 5-FOA (5-fluoroorotate)«fl^ll- 4-§-3)-^4(Adams et al., Methods in y 
east genetics. Cold Spring Harbor Laboratory Press, 1997). GALIO E.^SM'^^^ hPTH ^^1- ^^-s}?] Si\^ 
Alt YPDGCaa. 1%, 2%, 1%, :&^S2: 1%) ^^]<^^^ 48>^1?>*'?1- «11'3=*>$5[4. 

KPSJ -^^^> 4^fl(disruption)l- -ft-S^ ^i-^5ill2:^oil ^^ev yPS^^^A^ N-t^4 C-^^^ S^t^ f-^Slii 
■^ifl^^CPolymerase Chain Reaction; PCR)-^S. A3i^7] ^5}oi ?lSS3(GenBank)i ^^VSi^l-ol^ili 
EllHl^Ml rPSJ -R-S^l-sl 'g7Mi^°ll e^lsM ^s] Het-ojol (primer)* ^^H^sf^i^. %■ 
oms^ N-^'^ia =ef<>1°1 >flS(5*-GAC GAATTC CAGAAACGT CTGAGTGGAG-3', 5'-GCA GG 

ATCC GTACTCTACCGAATGCCG-3 i^co RI4 Sam HI A^S.±. A 5'-^^J-(^* ?1 ^^)ofl £"^§1- 

C-^^ =el-oM ^1|H(5'-CGC GGATC C CTATGCAGACCAGTGTGG-3', 5'-CGC TCTAGA CTGCATGC 
AAGGTCTGAC-3')<^lfe Bam Hl4 Xba I ;«lll>2:4i xj-e)!- z^- 5'-^^(^# ?1 -^^)'>)1 £^*V$Jt^. Premix (Bione 
er. Korea )1- ^l-§-B^Fci PCR (Perkin Elmer GeneAmp PCR 2400 thermal cycler ; 95t 30 sec, 55t; 30 sec, 72 
r 30 sec, 25 cycle)* 4?}S.t=>o1 xfl si) a] ofl o| <§x^^fl DNAS^Ei yPS3 ^^A^ N-'S^CSOQ bp 

)^ C-^^(700 bp) f'^«>^c}. YPS3 N-^^ ^z]"^ ^-co RI/ Bam HIS., C-^^1- S^]-^ Sam HI/ Z/ba I 

^mJL4il-S. ^\A*\<A Eco WlI Xba IS. pBluescript II KS(+ ) (Stratagen) ^Elsq- ^Is)-?!^^. -^-^l ^1 

4^ ^E] PB-YPS3NC51 YPS3^^A '^H'^ ^^^fb Sam HI ^l^f-i^ ^-o>^- 

a^l* S-ysH pB- yps3::URA3 : ?c51- ^^^S}S4(£1). 

^'■71 «jEl pB- yps3::URA3 : fc5 * Eco RI/ A-^a IS. ^-lel^V 4: Aj^^j-s.^'l-ol^^li A-fl ?)] y] ^1 ofl 2805, L3262a 

, SLHll ( ypsl A), SLH12 ( yps2 A), aelJi SLH14 ( ypsl A/ ypsi" A) o^a^ ^^1-* 
SC-URA <dl«ll^l°11'^^ 'ixl-^o.sUra ^ ^^^i*-*)!** ^ils}$i4. PCRS. ojl- Ura + YPS3 
^^7\ o^^l- ^oltV ^, W2,45 -atS^l* 3^^s]-7l flsil yps3::URA3 :tc5 5-FOA pla 

te°11 £^§l-<^ URA3 -^^Ay} ^J-^^at* ^-°>*« yps5.vfc5 ^^-^fl* ^l^l-^^CS. 2). 2^f^^ 
S. wsJ A ^ol^l-sl YPS3-^%A A^ "^-^fe PCRS. AA ^fl^-Jl^H 4-€- 5.Sb11o>^1 -fr^ 

^> 1^4 KKS? -B-^47> S28Y4, SLH15, SLH16. SLH17, ae) Ji SLH18 s^.a.«1-sa 

4(S 2). 



<a 2> -a ^^'g°I]Ai :^]4^v YPS3 ^^AAA iJS. ^^l- 



Strain 


Description/Genotype 


S28Y4 


a yps3 -disrupatant of 2805 {MATa pep4::His3 prb-A 1.6R canl bis3-20 ura3'52 yps3::tc5 ) 


SLH15 


a yps3 -disruptant of L3262 ( MATa iira3-52 Ieu2-3,112 his4-34 yps3::tc5 ) 


SLH16 


a ypsl/yps3 -double disruptant of L3262 ( MATa ura3-52 leu2-3,112 his4'34 ypsl::LEU2 yps3:: 
tc5) 


SLH17 


a yps2/yps3 -double disruptant of L3262 ( MATa ura3'52 Ieu2-3J12 his4-34 yps2::HIS4 yps3::t 
c5) 


SLH18 


a ypsl/yps2/yps3 -triple disruptant of L3262 ( MATa ura3'52 Ieu2-3J12 his4-34 ypsl::LEU2 y 
ps2::HlS4 yps3::tc5 ) 



<^^li 2> hPTH t-S. 5^ ^13^ ^ hPTH 

AA^A^]'^]^ x-flsflalxlofl 28054 L3262 A'^^ 5^. S28Y44 SLH15 ( yps3 A), SLH16 ( ypsl A/ yps3 A). 
SLH17 ( yps2 A/ yps3 A), 0.^3. SLH18 ( ypsl A/ yps2 A/ yps3 A) ^<»l^l-o(l>«.i hPTH4 ^-^^ ^la g. 
^Sl-7l 4sH, ^« ^^"il PGIO- hPTHlAS ^Ola^ AA^ 5^** :?:Ura * S. 

-atsW hPTH ^« S^i-i- ^lasV^cf. 
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•^^7) S.3. S^l-* ^± tifl^Kc-Hii'i!- ^^flfil ^3. ^± 7]4 0.67%, 2%, Casamino acid 0.5%) 

°)1 ^f^*H SOrofl'^i 24 ^ILV-S-^ ^«ll°<Jt^ ^ YPDG 1%, ^S. 2%, 1%, ^^ELZ. 1 

%)<H1 2%S. ^f^sH 30^C<^]^^ 48 f-^ "H^^SV^^^i 24 ^RV(£ 3a)2l- 48 •^l?}- ^(S. 3b)<^l ^''^^A^ 

ol<H'^1 T^^€ «ll'9=«i!! 500 ^itl- 5.000 rpmofl^i 5 «r<f -S-^^Jl^l- SSfl* ^«^^*>SaT4. 

«ll°<f ^'■#««ofl DOC (deoxycholic acid)-g-«^3l- TCA (tricloroacetic acid) ^V^^A^ 1/10 ^^S. ^o] aflx] 

'a-^-^^i-* Or^fl^i 30 ^f-?V ^?iAl?J ^ 12,000 rpm^ll^i 10 ^^aS-e^^VSJi^. 
<i TCA -g-^-^* ^l7lsl-7l <^M1^A5. ^]^^ ^ -§-8i| ^J-f'-i^ (12 mM Helrt-Cl, 2.88 mM 

<>fl^^, 0.4% SDS, 0.02% l-f-) 25 ^*lal 100t:°11>^1 5 7}'^'^ «H'y^°-S ^}-«-^^ 

S>?i4. 10 ids] afl<y:ofl 0.75 mm^^lS. 15% f elo>3lf>nlH 1 (seperating gel : pH 8.8, 

7}S. 10 cm. 8 cm)°fl 125 V. 25 mAS. 1 Aj^VSQ ^ ^"?]- ^7l':gf-el-al ^d>a1 '^^^'^ 

4. ■£ Sofl^i li^<sl S.3. ^}f}S.v}o]4i: >H]^lHlA]olloilA-l $Hll-^£lfe 71)2:^ hPTHfe SDS-PAGE-^°H-^i ^Bl*> 
°1 ^J^th i(l-84), N-t^ol lia-€ ^Bflo] di (27-84). C-^^ol ^^^1 d2 (1-80) 'Hi 7llsl HlH 

5. M-E^-id- 4. i "fflS-fif dl«jHo11 PVDF (polyvinylidene difluoride) ^VoU ^a>^ :f Milligen/B 
. iosearch M 6000 ^l^^l* ^l-S- N-^^^J- oHii^ ^^-i" ^M. i «1H ^^^^2) N-^ia- oHi^-il- S 

er-Val-Ser-Glu-IleS. dl -fflH ^«^^^ N-'S^ oftilii-iV Al<g^ Lys-Leu-Gln-Asp-ValS. i4e}\+ 145. jao]. j 
sfl-g-^l-fe ^«^^-g- ^^t.V ^EflSl hPTH (1-84)°!'^ dl 'ffl^'Hl «e'3-*ffe ^a^S-a- N-'a^ 267flSl ol-Dli-AV 
'i^S ^Efls] hPTH (27-84)°d* ^°J*}S'^. d2 ^4", ^^tb hPTH.a4 ^ 14-kD 

a ^«1^2] :5l7l<^^ 211^^ tiolxjoV HPLC, MALDI iJi^ ^^.n] EE|(jnass spectrometry), C-^^t ofnlv^i 
A^t^^ 14°11 C-^^2l o>Dli^A> 4-571)7]- ^Efls] hPTH(l-79, 80)°!'^ o]* C-^^iSc) ^^a-^ hPT 

HS) ol^^^V ^7l<^-§- C-°iTa-fil ^iT^ofl Sit!" ^2:5] ^o]^ ^^^^^ ^X^Yad 

et al., Protein Expr. Purif. 13: 396-402 (1998)). 
<-€^l"^1 3> =S.Ello>^l 1^ ^ol^oflAlsl hPTH <a=^J «liSl 

yPS7 ^ yPS3^^7.} «i|-ifl7l-hPTH Dl^l^ <^«j=^ 3i^}t}7] ^sfl, "l^^S^a Al-?]-5.n)-ol >tfl 

^ >HlJllHl^l°ll 2805, '>VS% 2805/pGlO-hPTHl, ypsl A ^o]^ S28Y3/pG10- 

hPTHl, }vs3 A ^o]^ S28Y4/pG10-hPTHHl^i ^^1 ^H^^ SDS-PAGE^i- 

ofl^i HlH^H £ 3oIl^i ii*<^l hPTH7l- ^^^£]xl ^oj.o.n^(^ ^ 

<'\'-m 5^ 28051- «fl°^^ ^^oflfe hPTHf^ ^ 50% oj^o] dl ^Efls] hPTHS. ^;i(l§l-5i4 

(# 34 4). ypsi A ^o]^ S28Y3fi1 ^-f «)1«9= 24 A]^ofl <*.s.^ hPTH ^^a-^ hPTH7> 5% ol*>«1o^ ur^"^^ 
S g-alS hPTHS] 95% oj^a-o] ^xi^v ^Eflo| hPTHS. ^7fl«>^o.i4^ 48a1^V afloj: ^loj)^ 30-40% ^§£5] ^cj. 
^ dl ^Hflsl hPTH7l- ^§515^4. YPS3^^7\^J: 4^?1 5^ S28Y4£l ^-f 5^4 ^ 24 ^1?]: 

Hfl^^ ^l-^l oj'^l hPTH # ^ 50%ol^J-<^l ^i^€ hPTHS ^:«l)«l-5a4. 

-^■71 £ 34 14^ Hr<f^7l<Hl hPTH l^t* ^« SSHflo};!)!^ -S-il lojH ^7lofl^ <aAi 

1 0140)1 4^ S.s.no}:^7} hPTH« l^a-tS-i- :e.ol§4. ^?lt11 ^^4^v 4^« ?^4 ^-9-^ "S-tl 14 % 

^^.os «(i<y:^7Hi oi^i hPTH ^^o] Ai-^^i ^^^0.3. «| ig 4^ £^s. s. ^ AiA}^v4. 44^^ yp 

S3 1^<^1 4€r <ati -fi-^^l- r/'Si ^ JKS^ 7} t^l hPTH ^^ofl i^l^lt ^^4- #4^.71- 

4«ll>^i, ^^^€44 ^-^ 44S.4oH^ >l|zflHl4«='11 L32621- iflS^S. «1-JI, L3262/pG10-h 

PTHl, ^^^«r€ yps3 A ^o]^ SLH15/pG10-hPTHl, ypsl A/ yps3 A ^o]^ SLH16/pG10-hP 

THl, ^^?i€4 yps2 A/ yps3 a ^o)^ SLH17/pG10-hPTHl, ypsl A/ ypsi" A/ yps3 A ^o)^ 

SLH18/pG10-hPTHl f- 44^ ^2:^ ^^<Hl^i hPTH ^«ll °d=^d-i- «l5i ^^^4^4(5^ 4a: 2444 «r<J ^, £4b: 
48^14 Hr<J ^) ). £ 4<H14 Ji^o] ^^^«:S14 hPTH7l- 1-«4^1 ^51:^1(1' 1), «^>^S1 5 

^(# 24 3)4 KPSJ 7> 4il|4 ?^(# 44 5). ziH] Jl ypS2 4 7> 5^(* 64 7)^1 ^^24 

^14 «11<3= 4^°11 hPTHf^ 4 50% ol-^i-ol N-^^^ol dl ^b|14 hPTHS. #^114$^^ 48 ^14 «114 ^°11 

hPTHfil ^«fl7> 4-^ ^444 ^d44 hPTHsl 4°1 4 f'7}4^4. n iv^oii i^4-i-7iliE ypsj 4 rfSJ ^ -fr 
^47> ^^^1 4ifl4 5^(# 64 7)4 yPSi . FPSP , yps3 M] -^447} ^^^1 4ifl4 5^(# 104 11)°1I4^ 
48 Al^V tifl4 :^:ofl£ dl ^^2] N-^^^l ^d44 ^Eflsl hPTH7> 4^ 444^1 ^514. r/'5i 4 yPS3 ^ -fr 
^47} ^711 44|4 5^4 ^-f oll^ d2 M!H7} «J-^4 hPTH 4 20%f- 4^14^ ^>'S yPSI . yPS2 , yPS3 >^ 
4«-^ S ±±7\ f-Aloil ai-ifl^ ^^0^ 43x1 3. ufl-y: j^o,]^ d2 -ffi^S Tl^l ^.ol^l ^ji 444 ^e)]o^ 
iiPTH (i «1H)44 4t45i4. ^lel^ 14fe 4^3% 2.£ 5^oll4 :aol4 hPTH ^«il €-^1* yPSl. YPS2, yPS 
3 >\ #fr4 "34 ia^« Sib -8-444 4^4 ^<^1^1- av^^hs.^ 714 4^4711 ^41- ^ Sti-S-^ 
4. 

<-iAlc<l 4> all 4011 40^ hPTH °oHl- 

B)14 47l°114 4-71 5H144 HS-Eflo};,)! ^ol^ofl4 t«sl^ hPTHs] ^sflo^-^-l- 4?]47l 4«11. 
#4^B B114°114 4#^.2.s. 4^£2^* l-S:2:ofl42l ai^s all4 a.«<}-4^4. YPDG «114 

0114 24 ^14 iJi)44 :f ui)4vfl4 ^4£a ^£7]- 2%7}- 4s.^ 24 ^14 4^-2-S. 44sa# «fl4o11 ^71-44 72 
^14 f-4 «11444, ^^444:^1 ^-S- 4^S^ 44s4°H^ '^■))5|1h14'"11 L32621- nfls^s. 4^ ^«444 L32 
.62/pGlO-hPTHl. ^4444 ypsl A 4^1^ SLHll/pGlO-hPTHl, %4444 ypsl Al yps3 A 44^^ SLHl 
6/pGlO- hPTHl, asl 51 ^^^44 ypsl a/ yps-? a/ >?>s5 a ^p1^ SLHlS/pGlG-hPTHl ^ 444 
^^0114 hPTH e-sfl 44^ «15I §-'i^4Si4(S. 5a: L3262/pG10-hPTHl. SLHll/pGlQ-hPTHl, £ 5b: SLH16/ 
pGlO-hPTHl, SLH18/pG10-hPTHl). 
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£ 5i>«.i o>A3^ ^^(1 1, # 2-7)5] o]ti] ufloj: 24 aI^V^VoD ^v^^ hPTH ^ 50% o]^^o] N-°s^^ 

dl ^ns] hPTHS. $^fl5}Sa4. ^ *^<i ypsl A ^ol^(^ i, 8-13)af ypsi A ypsJ A ^ol^(;g 
2, -t 2-7)fi) ^-f 24 Al^l-oflAife T^oj hPTH ^«l|7l- ^%^^] ^^£2^ 

«fl<3=ol 48 n^n^ hPTH S-Sfl7f ^;5l«l-7fl ^tSlSit^. o]^ ^^S. ypsl A yps2 A yp5^ 

A ^<:>1^(^ 2, # 8-13)o11'<.i^ 72 ^l^V ^ofls dl ^Efls] N-t^o] hPTH7} i4b|-^-:^1 ^ 

Stul ^Eflfi] hPTH (i SHH) -<3>^J%=o1 ^;5l*).7ll f'?}^©! ^tslSi4. £tV 144 ^l?]- ^<^]S. ^Efl 

fi] hPTH7> ^ 5l5i4. aflof ^7loil aona hPTH ^sfl KP5i, 

VPS2, YPS3 ^] •<^^4. s.±. ^^^\7\ 3hifl€ ^\^i\s.s.>^ s^^m] ^ si-s-* 

'g'«i^l->II iL<^^:ii sic]-. 

o]^ -i^iv 42]- ^o] ^ ^'^-8- ^n-s.iL -g-il KoH^-^; YPA3)2f 371- ^^1 iLiS^'C ypsl 
A/ ypsJ A) £fe "^^^ 1, °^-tl 2(<m^'g;MKC7)s1- <S-il37l- %^ ES^^C ypsi A/ yps2 A/ ypsJ A)* 

^'flS^ hPTH S ol-g-sl-^ ^««S:i«il| fi]^ hPTHSl ^la-^ ^^Jl^ ^Eflfil oiji(| 

^^h^-a S-u), ^j-t>^ ^ sio] hPTH* slSf-o-S 7l-^s]-7|] s]s.s slef >a-^^ 

^11^ -8-§-^'^. 

(57) "^j^^ 

YPSl, YPS2. YPS3<H1>^1 -il^^ ^-HS *>H-7> EiS^l- sj-o] ^^-^-3 -6-^;^HhPTH)» 

^-B-*}^ ^^^Sr^^l?^ «r<f^-2.S.*^ hPTH* 'S-tt^-^ SVfe ^^^^^ 

^T^^ 2. 

^1 5l<H^i, ^1-71 ^«-fla ^S113:4:21 YPSl, YPS2. YPSSi^^ ^^li 5>i+sl -{f^;^>l- 3:2. -^1 

S^l* Aj-g-sH 4^t!- ^^1.2.3. ^112^ <?1«)1 ^?h-^>^ JLH^SI ^S<L>1f^. 

3. 

''i] 1«J- SEfe ^1 2«J-oll Xl'H'^l, YPS14 YPS3 ^ -B-^^l-7> -f-Alo]] j^a^ol^l. ^^s. ^ ^^^5. 

^fe ^IIS^ ^^h^^-a :£s^sl ^St>«J-^. 
4. 

^1 It £^ A] 2«J-i Si<H^i, YPSl, YPS2, YPS3 -Hi i2-^7> ^Ajofl s!^^^ ^s_^o]^% 

^^0.3. g>fe Tlls^ olsfl ^^^Ai 3:3^51 ^m'^. 
^=f-^ 5. 

as ypslA yps3A ^<^]^% ^^S. t}^ ^^7\ ^^ofl oi^j ^^e^ ^^^^KhPTH)* 5.^s}fe ^-^^Ei^ 

^^^^^ 

'^l -^^71 ^g?i^£2fe 4:a-^^ ^^^E] pG10-hPTH1.2.S. £i Af^Vs. 

<^>o]^il>; ^^lB);^lol| SLH16/pG10-hPTH(KCTC 0815BP)^* ^^^5. 5>fe ^^^«-Jl2.. 
7. 

Sa. ypslA yps2A yps3A ^^5. ^y-?] ^^ofl oisfl -^^^KhPTH)* 

8. 

5*11 7^011 Sil'H'«'1, ^7] ^^^^Jl£^ ^a-^-a pG10-hPTHlo.S JE^ ^j-^l-s. 

nH'^fli '^flBflHl'^loll SLH18/pG10-hPTH(KCTC 0816BP)^* ^^^S. ^^^€-i2.. 
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S.C8r»vis»e 
genomic DNA 



PGR 



800bp 



700bp 



pTcUR3 



EcoRUBamhH BamHUXba\ 



\^+ pBlue-KS<£co«l / Xba\) 
Bamm Xbd 



PB-YPS3NC 



I YPS3-N- I Ttf 



TcS I YPS^ 



p0-yps3::URA3:te5 



SI ^12 

WW 1 S.e.YPS3 1- 



I Selection on SC-URA 
yps3"TcUnA3 1 yps3-n' I Td . I A^' r\]\m I t.^ | ypsg^- 1 Ura*.A>ps5 

I Selection on 5' -FOA 
yp33::TcS 1 YPS3-N' i tcs \ ypssjc' \ \Jrtt-,&yps3 
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ifiii ^11 3^11 igti 

rn rn n i— i r-i rri . 
tf' I 3 i d 6 r a 0 ID It 13 lA 



